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Vibration Damper With Amplitude-Selective Damping Force 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The invention is directed to a vibration damper with amplitude-selective 
damping force including a cylinder filled with damping medium; a piston rod guided in 
the cylinder in an axially movable manner, the piston rod carrying a piston which divides 
the cylinder into a work space on the piston rod side and a work space remote from the 
piston rod; and a housing which is axially movable in one of the work spaces, the 
housing containing an axially movable separating piston which separates the housing 
into a first work chamber and a second work chamber. 

2. Description of the Related Art 

[0002] In vibration dampers operating in an amplitude-selective manner such as 
are known, for example, from U.S. Patent No. 6,220,409, DE 40 02 882 C1, U.S. Patent 
No. 6,352,145 and EP 1 152 166 A1, at least one work space of the vibration damper is 
connected to a housing in which a separating piston is displaceable axially within limits 
between two work chambers inside the housing. Because of the displacement path of 
the separating piston, only a very slight damping force is generated during a movement 
of the piston rod in which the displaced volume of one of the work chambers is 
displaced by a choke between the work chamber and a work space. The purpose of 
this step is precisely to filter out high-frequency excitations with small amplitudes so that 
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greater driving comfort is achieved overall. In some cases, sporty drivers will miss a 
certain directness in the chassis in fast steering movements because, besides the 
stabilizer, the damping forces of the vibration damper also determine the roll or side tilt 
of the vehicle body. 
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SUMMARY OF THE INVENTION 

[0003] According to the invention, the problems associated with the prior art are 
met by controlling the bypass with a switchable valve. 

[0004] The advantage consists in that amplitude-selective damping can now be 
used without restricting chassis response. Through a corresponding sensing of the 
driving situation, the amplitude-selective damping can be used to ensure a high degree 
of driving comfort on the one hand and a high level of driving safety on the other hand. 
[0005] In another advantageous construction, the valve in the bypass can be 
controlled continuously. The damping force can therefore be deliberately adjusted in 
the operative range of the amplitude-selective damping. 

[0006] According to a further innovation, at least one of the work spaces is 
connected to an adjustable damping valve. Various constructions of adjustable 
damping valves have already existed for a long time. In order to achieve a high degree 
of driving comfort also with high-frequency excitations, the response of the sensors for 
determining the driving situation must be correspondingly fast. However, sensors of this 
kind are comparatively expensive. Further, there is, in addition, the internal regulating 
time in the chassis system, so that the time for readjusting the damping force reaches 
its limits. By combining an adjustable damping valve with an amplitude-selective 
damping device, the high-frequency excitations are practically filtered out, so that longer 
overall regulating times with simpler sensors are permissible. 

[0007] In another advantageous constmction, the adjustable damping valve and 
the switchable valve for the bypass are switched by a common actuator. In principle, a 
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separate actuator can be provided for the adjustable damping valve and an actuator can 
be provided for the switchable valve in the bypass. However, magnetically operated 
actuators in particular are comparatively expensive. Therefore, it is desirable to 
influence both valves by a common actuator. 

[0008] It is also possible in principle to connect the adjustable damping valve to 
the bypass for the amplitude-selective damping device. A general problem may be 
posed by the installation space available in or on the vibration damper. Therefore, the 
axially movable separating piston in the housing is outfitted with at least one damping 
valve. The damping valve and the amplitude-selective damping device are therefore 
functionally combined to a great extent. 

[0009] The adjustable damping valve is fastened to the piston rod according to an 
advantageous embodiment. 

[0010] Other objects and features of the present invention will become apparent 
from the following detailed description considered in conjunction with the accompanying 
drawings. It is to be understood, however, that the drawings are designed solely for 
purposes of illustration and not as a definition of the limits of the invention, for which 
reference should be made to the appended claims. It should be further understood that 
the drawings are not necessarily drawn to scale and that, unless othenA/ise indicated, 
they are merely intended to conceptually illustrate the structures and procedures 
described herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Fig. 1 shows a switchable clamping valve in a bypass and a separately 
adjustable dannping valve; and 

[0012] Fig. 2 shows a combined amplitude-selective damping device and 
adjustable damping valve. 
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DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

[0013] Fig. 1 shows a vibration damper 1 . A piston rod 5 with a piston 7 is guided 
so as to be axially movable in the cylinder 3 of the vibration damper 1 , this cylinder 3 
being filled with damping medium. The piston divides the cylinder into a work space 9 
on the piston rod side and a work space 11 remote of the piston rod. A damping valve 
13, 15 is constructed in the piston for the rebound direction and for the compression 
direction, respectively. A separating piston 17 for a compensating space 19 filled with 
gas adjoins the work space remote of the piston rod. 

[0014] A bypass 21 is constructed inside the piston rod 5 proceeding from the 
work space 9 on the piston rod side and connects this work space 9 with a first work 
chamber 23 which is constructed in a housing 25 at the piston rod. The piston rod 
carries a separating piston 27 which separates the first work chamber from a second 
work chamber 29 in the housing 25. The housing 25 is supported by two springs 31 ; 33 
at the separating piston so as to be movable axial thereto. The first work chamber 23 is 
separated from the work space 1 1 remote of the piston rod by a closed bottom 35 of the 
housing 25. The housing, the separating piston 27 with the two springs, and the bypass 
form an amplitude-selective damping device 37. 

[0015] A switchable valve 39 is arranged inside the bypass; only an axially 
displaceable valve body is shown as part of an actuator 41 of the switchable valve. The 
actuator can be operated by magnetic force but also hydraulically, pneumatically or by 
means of any other introduced force. In principle, the switchable valve 39 can be 
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constructed as a simple closing valve with open and closed switching positions or as a 
proportional valve which can also occupy any intermediate positions. 
[0016] An outer tube 43 to which an adjustable damping valve 45 is flanged is 
arranged concentric to the cylinder. The outer tube and the cylinder respectively 
determine a fluid connection 47 from one of the two work spaces 9, 1 1 to the adjustable 
damping valve 45, The adjustable damping valve has, for example, a magnetically 
operated actuator 49, but as with the switchable valve for the bypass any other 
controlling forces are also possible and reasonable. There is an alternating flow 
through the adjustable damping valve via connection openings 51; 53 depending upon 
the piston rod. 

[0017] As the piston rod slowly moves out, the volume in the work space 9 on the 
piston rod side is compressed. Assuming a noncritical driving situation, the switchable 
valve 39 in the bypass 21 is open. Before a significant volume flows through the 
damping valve 13 in the piston or the adjustable damping valve 45, the housing 25 
displaces against the spring 31 in the direction of the work space 11 remote of the 
piston rod with respect to the separating piston. As soon as the end position of the 
housing 25 at the separating piston is reached, the damping medium is displaced to the 
adjustable damping valve 45 through a fluid opening 55 in the work space 9 on the 
piston rod side below a piston rod guide. The switching position of the switchable 
damping valve 39 is not important after this operating state. Depending on the 
switching position of the adjustable damping valve 45, damping medium flows through 
the damping valve in the piston and via the connection opening 51 through the 
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adjustable damping valve 45. A valve body 57 with valve disks 59 for the extending 
direction and valve disks 61 for the retracting direction is arranged in the adjustable 
damping valve. 

[0018] When the piston rod 5 moves in the direction of the work space 1 1 remote 
of the piston rod, this work space 11 is compressed so that an axial displacing 
movement with respect to the separating piston 27 is exerted on the bottom 35 of the 
housing 25 of the amplitude-selective damping device 37. When the switchable valve 
39 in the bypass 21 is opened, the volume displaced from the first work chamber 23 in 
the housing is displaced through the bypass 21 into the work space 9 on the piston rod 
side. When the housing reaches its end position in the direction of the separating 
piston, that is, when the first work chamber is at a minimum, the damping medium flows 
through the piston 7 and/or through the adjustable damping valve 45, and the 
compensating space 9 compensates the volume of the retracting and extending piston 
rod 5. 

[0019] Regardless of the movement direction of the piston rod, an individual 
damping of the volume displaced from the first work chamber can be achieved through 
an intermediate position of the continuously adjustable valve 39 in the bypass 21. In 
this way, a substantial influence can be exerted on the total damping characteristic of 
the vibration damper. 

[0020] Another constructional variant is shown in Fig. 2. Above the piston 7 
which separates the work space 9 on the piston rod side from the work space 1 1 remote 
of the piston rod, the housing 25 is fastened to the piston rod 5 via a connection thread 
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63. Between a housing cover 65 and the bottom 35 of the housing, the separating 
piston 27 of the amplitude-selective damping device is tensioned in an axially movable 
manner between two springs 31 ; 33 in the same way as in Fig. 1 . The separating piston 
has a pull stage valve or rebound valve 67 and a push stage valve or compression 
valve 69. A valve opening 71 is constructed in the housing cover, the upper side of the 
housing cover 65 forming a valve seat surface for an axially movable valve body 73. 
The housing cover separates the first work chamber 23 in the housing 25 from a 
collecting space 75 which has at least one fluid opening 77 to the work space 9 on the 
piston rod side. A fluid opening 79 to the second work chamber 29 is also constructed 
in the base or bottom 35 of the housing. The flow path between the fluid openings 77; 
79 through the valve opening 71 in the housing cover 65, the two work chambers 23; 29 
and the damping valves 67; 69 in the separating piston 27 forms the bypass to the 
damping valves 13; 15 in the piston 7. 

[0021] The valve body 73 in connection with a coil 81 and a restoring spring 83 
forms the magnetically actuated actuator. 

[0022] The separating piston 27 inside the housing 25, with the exception of a 
pre-opening 85 which may possibly be used, may be considered as closed until the 
valve disks of the damping valve in the separating piston have been lifted. 
[0023] When the piston rod 5 moves in the direction of the work space 9 on the 
piston rod side, the damping medium can flow through the fluid opening 77 into the 
collecting space 75. When a valve body 73 is lifted, the damping medium can flow 
through the valve opening 71 into the first work chamber 23 and axially displace the 
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separating piston 27 in the direction of tlie second work chamber 29 in the housing. As 
soon as the end of the stroke of the separating piston is reached, the rebound valve 67 
in the separating piston opens depending on the piston rod speed. The damping force 
is then determined from the superimposed damping action of the rebound valve 13 in 
the piston 7 and in the separating piston 27. 

[0024] When the piston rod 5 is moved in the direction of the work space 1 1 
remote of the piston rod, the reverse flow path is available in the bypass, and the 
separating piston 27 in the housing is displaced in the direction of the housing cover 65. 
In so doing, the damping forces of the compression valves 15; 63 in the separating 
piston 17 and in the piston 7 are superimposed. 

[0025] The essential difference with respect to the variant according to Fig. 1 is 
that when the valve in the bypass is closed, i.e., when the valve body 73 sits on the 
valve seat of the housing cover 65, the action of the amplitude-selective damping device 
37 with the displaceable separating piston as well as the rebound and compression 
damping valves in the separating piston is canceled. The hardest damping force is also 
applied then because all of the damping medium is displaced from the work space 
remote of the piston rod through the damping valves in the piston. Spatially and 
functionally, the adjustable damping valve and the switchable valve for the bypass are 
then switched by a common actuator; also, a unit exists spatially. This combination of 
separate valves is based on the idea that a harder damping force tends to be desired 
when an amplitude-selective damping device 37 is switched off or, when the damping 
force characteristic is soft, an amplitude-selective damping device is also to be switched 
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on. The great advantage lies in the advantageous use of construction space and 
structural component parts, particularly limiting to a single actuator. 
[0026] Generally, the function of the adjustable damping valve can also be 
dispensed with in the variants shown herein when the external damping valve 45 in Fig. 
1 is not used or the damping valves 67, 69, 85 in Fig. 2 are not used and a completely 
closed separating piston is used instead. 

[0027] On the other hand, it is certainly also meaningful to use amplitude- 
selective damping in connection with an adjustable damping valve 45 without the 
bypass to the amplitude-selective damping device being switchable by means of a 

valve. 

[0028] Thus, while there have shown and described and pointed out fundamental 
novel features of the invention as applied to a preferred embodiment thereof, it will be 
understood that various omissions and substitutions and changes in the form and 
details of the devices illustrated, and in their operation, may be made by those skilled in 
the art without departing from the spirit of the invention. For example, it is expressly 
intended that all combinations of those elements and/or method steps which perform 
substantially the same function in substantially the same way to achieve the same 
results are within the scope of the invention. Moreover, it should be recognized that 
structures and/or elements and/or method steps shown and/or described in connection 
with any disclosed form or embodiment of the invention may be incorporated in any 
other disclosed or described or suggested form or embodiment as a general matter of 



12 



By Express Mail # EV364781095US 

design choice. It is the intention, therefore, to be limited only as indicated by the scope 
of the claims appended hereto. 
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